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ABSTRACT

Background and Objectives: Commercial genetic screening for hereditary hearing loss, targeting selected variants in
a few genes, is increasingly performed in newborns. Children reported to carry a variant are referred to otolaryngology
despite passing the newborn hearing screening (NHS). We analyzed their audiological outcomes. Materials and
Methods: Thirty-two children referred between 2018 and 2026 were reviewed. Genes and variants, NHS results,
otoacoustic emissions (OAE), tympanometry, auditory brainstem response (ABR), and pure-tone audiometry (PTA) were
assessed, and aminoglycoside exposure was reviewed in MT-RNR1 carriers. Results: Eighteen boys and 14 girls were
included (median age at referral 2 months). All had passed the NHS. The genes involved were GJB2 (n=19), SLC26A4 (n=10),
MT-RNR1 (n=3), and CDH23 (n=1); GJB2 c.109G>A was most frequent (n=10), and all 27 with documented zygosity
were heterozygous. Initial OAE was a pass in 21 and a non-pass in 11, of whom 8 had an abnormal or non-obtainable
tympanogram; all normalized. ABR (n=16) and PTA (n=5) were normal in every child tested; no permanent hearing loss
was identified in the 19 who underwent confirmatory testing (0/19); 13 were assessed by OAE alone. The 2 children with
an isolated MT-RNR1 variant, siblings followed for up to 59 months, had normal thresholds at all frequencies including 4
and 8 kHz; neither had received aminoglycosides, and parental interview confirmed deliberate avoidance. Conclusion:
No permanent hearing loss was confirmed in this cohort. The clinical value of screening lay in identifying MT-RNR1
carriers, in whom counseling for aminoglycoside avoidance and continued follow-up are applicable.

KEY WORDS: Neonatal screening; Genetic testing; Hearing loss, sensorineural; Hearing tests; Aminoglycosides.

i

N2 ol 71Agket. " 27] WA H7)9] FAE oo} Q1]
goll 2421 = WAER, S ME Agor A
AR 2 7P &5t A Aol stuz Aot HAHnewborn hearing screening, NHS)7F AR A
1

F= I ek

2

=
o
S
S
ol
oft
12
|
o
oH.
=
>
¢

it
-~
ol
ol
A
[
i,
=
o)
ox
flo
Jo
)
)
e

Received: August 19, 2026 / Revised: September 7, 2026 / Accepted: September 21, 2026

Corresponding author: II-Woo Lee, Department of Otorhinolaryngology-Head and Neck Surgery, Pusan National University
Yangsan Hospital, Pusan National University School of Medicine, Yangsan 50612, Korea

Tel: +82-55-360-2132, Fax: +82-55-360-2162, E-mail: entgate@gmail.com

Copyright © 2026. The Busan, Ulsan, Gyeoungnam Branch of Korean Society of Otolaryngology-Head and Neck Surgery.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://www.jcohns.org 89


https://crossmark.crossref.org/dialog/?doi=10.35420/jcohns.2026.37.3.89&domain=pdf&date_stamp=2026-9-30

T2 NHSE AAF A9 B A stgshr] iE
of AAHH HYolut FEFLY GHS EoH] K3trh=
A7} A Z = o] gth? AAE /B2 WolE 714 4ot U
F= NHSE 533t 7 WAool ERI=Q1L, SIC26A4 Hol&
74 Aot A 22 A3t RaE Qe o) 5 B}y
9Jste] FZAEY} FHAEE F APk HZFo] AQtE
A3, i Aol AT ECIA 1 f-g4d0] HuH et
Yol A= NHS 9o, H5At9] Mo wpet 29 U3
T fAte] E4 59 Holg O F k= fA A
AL 4 @Al = o] &85 Qitt. o] HAR= GJB2,
SLC26A4, MT-RNR1, CDHZ23, TMPRSS3 5 &59] W4 &
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(cDNA 9 & £F), FeHd(zygosity)S HESIHT
e =l 471 A AAP IR 5D, 3w
o, 54RAA S, AAR)0lA AlFohe 448 d 54
A AEAANE wokth AAls AxgRh 9x A9E &
= A EoA &3t genomic DNAF T, AAPHLS 7]
Tof| w2} PCR-hybridization, real-time PCR(U-TOP
HL Genotyping Kit, SEASUN BIOMATERIALS, Daegu,
Korea), genotyping, ClinVar 7]5F tfo]Z.2ojg|o|7} A&

At o] AT 7] wEt @it Al 7|32 G/B2,
SLC26A4, MT-RNR1, CDH23, TMPRSS3 57} §349] &
3 o] 117} T G/B2, SLC26A4 27 573A9] 574 ol
HAH o= 51, §F7|¥ CDH23, GJB2, MYO7A, OTOF,
SLC26A4 571 |30l A ClinVarol SA41€ 3197 ¥lol&
BA5lget.” whetd mE g4 BLe Hte} o)zt
AAE A2 ofw, E3] MT-RNR1-2 45 wfj'do] Z3=|%]
oFottt. ol AEAA = Aol Hojd HolE /fEyo R
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emissions, OAE)+= 1L0292-DPEchoport(Otodynamics,
Hatfield, UK)E °©]&35to] i FolFF T AHran-
sient evoked otoacoustic emissions, TEOAEs)?} HZ
o] & AH(distortion product otoacoustic emission,
DPOAEs)Z A @st3irt. 4/ #82 TEOAES] 3¢ w874
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EP25(Interacoustics, Middelfart, Denmark)® click &}
=& 0]83%t A7 (auditory brainstem response,
ABR)S A5 %= 20 dB nHL °J3lE HACE A9
sttt 4 A= OAEE AAIFsHAY Aol H4gt

7% GSI AudioStar Pro(Grason-Stadler, Eden Prairie,
MN, USAYE o]-&sto] WZAoA sEES 2Hee BEE
242 H A Hpure-tone audiometry, PTA)S A3}t
ofol A= ARGl wet AE 7hsdt AAAAE D BE &
SHHAAE d7f 54 o)l ZhsetEE Y HAL §27t 7t
Sofzl Zxofe] gFsto] AlPsttt. PTAE= 125, 250, 500,
1,000, 2,000, 3,000, 4,000, 8,000 HzolA 7|=9A]& &
ZAskal 500, 1,000, 2,000, 4,000 Hz A& o]&ofto] 62
¥ HF((500 Hz + 2 x 1,000 Hz + 2 x 2,000 Hz + 4,000
Hz)/61& 4F&5t9lom, AotoflA= BE9] FHAste A4t
A oJu|E 71 &= Qlo] A219] 25 dB HLE T 4ATH 7|&0]
x_q'g.gcq i 8 7] Aof QT Ao E 4 A
E2 %= 15 dB HL o|3t2 I3t v} 9l0],'9 2 oM

> b

65 B4t 15 dB HL o5k AHAto 2 mystgct & &
7 A= AAR A A= o whet PTA, ABR, OAEQ]
£02 S Ag3lE, ABR Bt PTAZF AR B9oa
Ao Blolg 702 BEsly OARRO.E Brhe Aok
H 2 71E5HA. OAEE FHIAE AlEsHA] 35t =
golut 4SS WA 4 g1 WZolth

MT-RNR1T H0| EQ A0t =X
MT-RNRI m.1555A)G 0|7} 21 4oh= ofu| 2]
FAo|E AE A9 307t Basith= HE XAEFA| B
SANA Argstar 71401 HE 285 sttt ol=ol
e 297128 B3 $4 71kt % ot Aol =
o] o2 SQISAT, MY AT F2 Ao B Ay
2 55 319 opef et A7) =0t A sM e

=7 24

3= YA gloJEl= Python 3.11(Python Software
Foundation, Wilmington, DE, USA) 8404 pandas,
NumPy, openpyx! H7]A& o]-&-sto] A5t 85ttt
A3 e NSt WEG%)E 7|6y, A543 |
T X 544 vEtto] SU49T HRl(range) 2 AIATSFA
o} A7 32 0= A1 g+t o] ERlE A7} glo]

M3 thafo] St 2ol PHEA onE, FEEAL AY
sH 9L /14 5AE B 20K BHOE stinh

24
CHAOl S4It QT MEHA
cw 32 % ok 18%(56.3%), olobe 14%8(43.8%)

o] FFE2 2.070ER A 0.7-29. 174
dolleH, HF 715 H4E A9 9% S92 52714

(H9 14-9571)elqlet. BAHAL Al AR S92 =
7] OAE 1.970€(® ¥ 0.0-29.1), 1o 45 2.770¥
(0.0-29.1), ABR 4.170€¥(1.9-18.4), 32 OAE 47.971¥
(3.6-94.1), PTA 80.37§¥(54.5-94.1)°]) 2., vpxet 3
A Al A Y S92 5.8709(0.0-94.1), A AAE
Bl mpx|ak HAEA| 9] Agzehd 24717 SdEE 2.071E
(0.0-90.3)°10t}. 4 ABAAR= A ot dxgnt
(dried blood spot, DBS), ®% AW & (peripheral venous
blood) &= A o4 &3 genomic DNAE HIEFO 2 4
7N AAZ1EOIA AIYETE NHS= 327 25 45 B33
HFig. 1, Table 1).

HO| AWE 24
o] SAR= G/B2 19%8(59.4%), SLC26A4 108(31.3%),

Children referred after commercial newborn genetic screening
for hereditary hearing loss (n=32)
All had passed newborn hearing screening bilaterally

l Initial otoacoustic emissions (n=32) ‘
[
B - Non-pass (n=11)
’ Pass in both ears (n=21) ‘ Abnormal or non-obtainable tympanogram in 8

Confirmatory and follow-up testing
ABR (n=16) - PTA (n=5) - Follow-up OAE (n=14)
All 11 with a non-pass initial OAE normalized (ABR or PTA in 10)

v

Final hearing status (n=32)
Normal, confirmed by ABR or PTA: 19 (59.4%)
Assessed by OAE alone, not confirmed: 13 (40.6%)
hearing loss i ified: 0 (0%)

v

MT-RNR1 m.1555A>G carriers (n=3)
No aminoglycoside exposure; hearing normal in all 3
Two siblings followed for up to 59 months.

Fig. 1. Flow of participant selection, audiological evaluation, and
final hearing status in 32 children referred for variants detected on
newborn genetic screening for hereditary hearing loss. Hearing was
regarded as confirmed only when ABR or PTA was performed; chil-
dren assessed by OAE alone are shown separately. The shaded box
summarizes the 3 children carrying MT-RNRT m.1555A>G. ABR: au-
ditory brainstem response, OAE: otoacoustic emissions, PTA: pure-
tone audiometry.
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Table 1. Baseline characteristics and genetic screening results

Characteristic Value (n=32)
Sex (male / female) 18 (56.3) / 14 (43.8)
Age at referral, months, median (range) 2.0 (0.7-29.1)
Age at last hearing test, months, median 5.8 (0.0-94.1)
(range)
Duration of audiological follow-up, months, 2.0 (0.0-90.3)
median (range)
Newborn hearing screening, bilateral pass 32(100)
Involved gene
GJB2 19 (59.4)
SLC26A4 10(31.3)
MT-RNR1 3(94)
CDH23 1(3.1)

Values are presented as number (%) unless otherwise indicated.
One child carried variants in both SLC26A4 and MT-RNRT and is counted
under both genes.

MT-RNRI 3%8(9.4%), CDH23 198(3.1%)°]3l1, °] & 1
gL SIC26A49 MT-RNR1 W0olE 7 H{statt. 7t
7} &3t Hol= G/B2 c.109G)A(p.Val37lle)Z & 109
(31.3%)0lA ERI=|glom, o]z T H-§ 99T thE G/B2
HolE A H{st 198 &3t Sro|t}. o|o|A SLC26A4
c.2168A)G(p.His723Arg) 5%, MT-RNRI m.1555A>G
3%, G/B2 c.235delC 39, SLC26A4 ¢.1229C)T(p.
Thr410Met) 21 4=0]3ich. Aol 7|AH 2752 2T o]
P A3H heterozygote)°] YL LFHA| 578 H iAo M3t
o] Z|1A=A] gkgkrt. F 79l WA YRR gRld Aot

A8 AAbgo] gAY SIS e
.109G>A%} ¢.408CHA, c.134G)AE T

21 u gt B o} ST 4 Gk E
3 6L olg) 72 o] fHAET AP 71 HEI o] 4
57} 2397 SoreHTable 2).

JArol A, 4740l A F
AZ(air-fluid level = amber® 1
1982 25 et gelo] of it
7] OAE= 21%9(65.6%)°14 3, 11%8(34.4%)°14 Bl&
9 cHrefer 4%, fail 39, partial 4%). Tympanometry
£ 2070l A AlEEo] 11950] A4HAR), 478°] o] (BF E
£ As@)oI 52 S0 Ajstlon, 12982 AlY
A oottt OAE ®l&d 119 % 892 1o AA
(tympanometry)’d &°l WH(B/CE 5)°1 A=A AAF
7} AgstA] dotd A=, Fol Wi Aoy AeA ol
of 93t YAIE OAE ¥hg A () 7Hs/do] =Sktt. o]
T 32 OAEE A3 141 F 1370 Bsto] o] & Rz
SFEH(Table 3).

B

ST ZZ4EAR 2|1Z Zat

ABRZ 1678(50.0%)°114 Al@=] o] AL = 20 dB nHL
2 AAolqinh PTA= 59olA AldE o] A Adolglon,
2 B3HS 9= 6.7-14.2 dB HL, &= 5.8-12.5 dB HL

(@)}

Table 2. Genes and variants identified on newborn genetic screening for hereditary hearing loss

Gene Variant (cDNA, protein) No. of children
GJB2 c.109G>A (p.Val37lle) 9
GJB2 €.109G>A with c.408C>A and c.134G>A 1
GJB2 ¢.235delC (p.Leu79Cysfs*3) 3
GJB2 c.408C>A with c.134G>A 1
GJB2 c427C>T (p.Arg143Trp) 1
GJB2 c.608T>C (p.lle203Thr) 1
GJB2 Not specified 3
SLC26A4 ¢.2168A>G (p.His723Arg) 4
SLC26A4 ¢.1229C>T (p.Thr410Met) 2
SLC26A4 Not specified 3
SLC26A4 and MT-RNR1 ¢.2168A>G with m.1555A>G 1
MT-RNR1 m.1555A>G 2
CDH23 ¢.719C>T (p.Pro240Leu) 1

The sum of children is 32; one child carried variants in two genes. Zygosity was documented as heterozygous in 27 and not stated in 5; in 6 the
referral record listed the gene without the variant. The assays do not determine allelic phase, so biallelic status could not be confirmed or excluded.
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Table 3. Audiological findings

Test Age at test, months, median (range) Result No. (%)
Otoscopy (n=32) 2.0(0.7-29.1) Both tympanic membranes intact 27 (84.4)
Middle-ear effusion suspected 4(12.5)
Not fully visualized 1(3.1)
Initial OAE (n=32) 1.9(0.0-29.1) Pass in both ears 21 (65.6)
Non-pass 11 (34.4)
Tympanometry (n=20) 2.7 (0.0-29.1) Normal (type A) 11 (55.0)
Abnormal (type B or As) 4(20.0)
Not obtainable 5(25.0)
Follow-up OAE (n=14) 47.9 (3.6-94.1) Pass 13(92.9)
Non-pass 1(7.1)
ABR (n=16) 4.1(1.9-184) Normal (20 dB nHL in both ears) 16 (100)
PTA (n=5) 80.3 (54.5-94.1) Normal 5(100)
Final hearing status - Normal, confirmed by PTA 5(15.6)
(n=32)
Normal, confirmed by ABR 14 (43.8)
Bilateral OAE pass only, not confirmed by ABR or PTA 12 (37.5)
OAE only, unilateral non-pass on the most recent test 1(3.1)
Permanent hearing loss identified 0(0)

Percentages are calculated within each test. All 11 children with a non-pass initial OAE subsequently normalized, confirmed by ABR or PTA in 10 and
by follow-up OAE in 1.

Hearing was regarded as confirmed only when ABR or PTA was performed; a bilateral OAE pass does not exclude slight or mild hearing loss or
auditory neuropathy.

OAE: otoacoustic emissions, ABR: auditory brainstem response, PTA: pure-tone audiometry.

oja A Fubg HUHAE S B 15 dB HL o[5ttt 7] OAEZF %5 B3 o o] & A3t OAEA] HZ H|E
(Table 4). 9IAE ALt 3T Z3+= PTAR Aol ERlE  IE Holi FXHAL APE A &9kt SHHA} A9
Aof 57(15.6%), ABRZ ZQIH 4of 14(43.8%) 22, & H 19904 F+ Wo] ElH 9= ¢lch0/19). =7
AHAR HAF HEo] Zold Aok= 199(59.4%)°10tt. U OAE HIET 119 % 1082 ABR &= PTACA HA}o] &
A 1378(40.6%) vRtC & H7tElo] o] gXxlA] ¢ QIFUL, YHA] 1%% 34 OAE 5= 1= gl
%o, o] F 12982 HF AAIA F= BT 182 %

Table 4. Frequency-specific air-conduction thresholds in 5 children who underwent pure-tone audiometry

Case Gene Age (yr) Ear 125 250 500 1k 2k 3k 4k 8k 6FA
1 GJB2 7.8 R 15 10 15 10 10 10 5 5 10.0
L 10 10 5 10 5 5 5 5 6.7
2 SLC26A4 6.7 R 15 10 15 15 15 10 10 5 14.2
L 5 5 5 10 10 10 10 5 9.2
3 MT-RNR1 74 R 10 10 5 10 5 5 5 15 6.7
L 10 5 5 5 5 0 10 0 58
4 MT-RNR1 5.0 R 10 10 10 10 5 10 10 10 8.3
L 10 10 10 5 5 10 5 5 5.8
5 SLC26A4 4.5 R 10 10 10 15 10 10 5 15 10.8
L 10 10 10 10 15 10 15 10 12.5

Values are presented in dB HL; column headings indicate stimulus frequency in Hz (k=1,000 Hz).
Age: age at pure-tone audiometry, R: right ear, L: left ear, 6FA: six-frequency average (500+2x1,000+2x2,000+4,000 Hz)/6.
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HolRbehs A2 1T o, & AA] #4Al o
MT-RNRIZ} o] S 7Fst 919 #lolE A5k H|
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